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© Styrene-isoprene-styrene block copolymer composition for low viscosity low application 
temperature hot melt adhesives. 

© A low viscosity low application temperature hot melt adhesive which contains a 
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This invention relates to a novel block copolymer composition for use in low viscosity low application 
tJ^T^mSSLlim More particular*, it re.ates to predominantly branched 
SSI^^ol^ compositions comprised of linear polymeric blocks and adhesives made us.ng 

SU TsTown°"at a block copolymer can be obtained by an an.onic ^^Z^T^ 
diene compound and an alkenyl arene compound by using an orgarac alkah metal .mtiator. Block 
copolymers have been produced which comprise primarily those having a general structure 
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wherein the polymer blocks A comprise thermoplastic polymer blocks of alkenyl arenes such as polysty 
r e ne wh le bU B is a polymer block of a conjugated diene such as polylsoprene The proportion of *e 
th^oolastic blocks to the elastomeric polymer block and the relative molecular weights of each of these 
S?!1^d c^Vnitar having unique performance characteristic, When the content ^o the 
alkenvl arene is small, the produced block copolmer is a so-called thermoplastic rubber. In such a rubber. 
Z Dtock™ ^are Sodynamically incompatible with the blocks B resulting in a rubber casting o two 
pha^s a conluouTela'stomeric phase (blocks B) and a basically discontinuous hard. 0^ *»* 
ohas8 (blocks A) called domains. Since the A-B-A block copolymers have two A blocks separated by a B 
tiS doS forTaL resuKs in effectively locking the B blocks and their inherent entanglements in place 

bY The A sedomr ^p^SSSS?^ the ends of many block copolymer chains Such a 
phenomenot ZiZ Z A-B-A rubber to behave like a conventionally vulcanized rubber in the 
staTa™7 Applicable for various uses. For example, these network forming polymers are applicable for 
uS in adhesKrmulatlons; as mouldings of shoe soles, etc, impact modifier for polystyrene resms and 
finnineerina thermoplastics; modification of asphalt; etc. 

9 17^0 Z copolymers are widely used to make hot melt adhesives for a wide vanety of uses 
includinadaDer assembly. Hot melt adhesives based on styrenic block copolymers such as KRATON 

is a trade mark) provide excellent adhesion to non-polar 
poSene which are commonly used in diaper manufacture. Additional ™\^™J^™^« 
based adhesives maintain adhesion in elasticity demanding appl.cat.ons such as disposable diapers 
£ZU Z ZrZ content (from 15% to 24%) styrene-isoprene-styrene block copolymers are known to 
ha useful for adhesives for such applications. 

S implements have necessitated the development of new hot melt ad esrves for use , Mta 
manufacture of disposable diapers. Diaper manufacturers now use thinner gauge polyethylene to manufac- 
Z Nofonfydoes thler gauge polyethylene produce a more esthetically pleasing d.a P& r but A 
Sso reXSnte signLant cost savings. However, as the gauge of the polyethylene .s decreased, the 
JSlSTSLnTii of these thin layers has increased. In the past, the lower limit on the operating 
Imperie hi been defined by the temperature at which the hot melt adhesive wjdl » J-J 
Tufficiently low viscosity for even and proper application. Such temperatures were .n the range of 149 C to 
177 * r The industry would like to operate at from about 121 C to about 149 C. „...,, 

T^^*£L* is a Li for a hot melt adhesive which Is characterized by suffcentiy low 
viscX for propr^plication in diaper manufacture at these lower temoerafores to help prevent bum 
S ough o the thinner gauge polyethylene used in the new diaper assembl ies. There are new commerc,^ 
oroducts which purport to satisfy this need. However, these commercal products do not prov de the 
E^c^SLKSL^ ^ich is provided by the present invention. i.e., a merti jscosrty 

of tess thaS 3100 cps at a temperature of 177 *C and a shear adhesion failure temperature (SAFT) of 
greair taH 71 1 * C. The present invention provides block copolymer compositions which can be used to 

make adhesives satisfying these criteria. m /eie\ hiorw 

, The present invention relates to predominantly branched styrene-isoprene-styrene SIS) block 
copolymer compositions comprised of linear polymeric blocks. These compositions can J« ^ m low 
vfecosity, low temperature hot melt adhesives. The compositions are charactenzed in that the 
bkTck modular weight must be greater than 12.000. The polystyrene content must be 35% or less by 
^ESwi* copolymer composition. The moiecular weight and coupling efficiency of the block 
, copolymer composition must fall to the left of line A-A in Figure 1. representing a graph of the coupling 
efficiency versus the molecular weight of the overall composition. 

S*e term "predominantly branched styrene-isoprene-styrene (SIS) block copo ymer" as used 
throughouHhe present specification is meant block copolymers according to the formula <SI )n X. where.n n 
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is an inteoer of at least 3 and X represents the residue of a coupling agent and wherein each of the block 
^Jmef arms is linear and has a terminal polystyrene block segment (S) and an Internal polylsoprene 

b ' 0C S will be appreciated that these branched styrene-isoprene-styrene (SIS) block copolymers can also be 
repres^ ^bTKmmMSIUS having in mind that the coupling residue normally does not .nterfere , wrth 
of the block polymers, when the molecular weight of the respectwe b.ock 

T?£SX2^ encompasses a low rfscosity. iow application temperature hot met adhesive, 
comprising the above block copolymer composition and a tackifying resin. ^^-w 
Te predominantly branched SIS block copolymers, having at least three linear arms, can be prepared 
hv methods which are in principle known in the art. 

polymers containing both aromatic and ethylenic unsaturation can be prepared by 
copofymerSng one or more po.yo.ef.ns. particular a diolefin. such as isoprene. 
2fc hydrocarbon monomers, such as styrene. The copolymers may. of course, be random 
Lk or a combination of these. However, in this specific case block copolymers are des.red. wherein the 

^foZ™ containing ethylenic unsaturate or both aromatic and ethylenic unsaturation may be 
orepaJed usTng <itionic and anionic initiators or polymerization catalysts. Such po ymers may 

^prepared us ?bulk, solution or emulsion techniques. In any case, the poiymer contammg at east 
^ unsaturation will, generally, be recovered as a solid such as a crumb . powder a pel. t^o the 
like Polymers containing ethylenic unsaturation and polymers contammg both aromatic and ethylenic 
i.nQaturation are of course, available commercially from several suppliers. 

^KS£5 «SSi diolefins and copolymers of one or more conjugated diolefins and one or more 
Jtf^lSLto monomers such as predominantJy branched SIS block «jp«^ «J 
noSly prepared in solution using anionic polymerization techniques. The predominantly branched block 
copolymers have predominantly three arms with, for example, the followmg structure: 

(SI)JS 

In general, when solution anionic techniques are used, such SIS block copolymers are 
ISng the momoners to be polymerized simultaneously or sequejtf ally ^ , » 
^«n«,inH in » suitable solvent at a temperature within the range from -150 C to 300 C. preferaDiy at a 
S^l^rZS^ 0 ' 0 ^ 1 00 * C Particularly effective anionic P o.ymenzatlon initiators are 
organolithium compounds having the general formula: 
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Stan aliphatic, cycloaliphatic. aromatic or alkyl-substituted aromatic hydrocarbon radical having from 1 to 

40 20 carbon atoms; and p is an integer of 1 to 4. ^..^h 
Preferably sec -butyllithium is used for the initial block copolymers to be coupled. 

m gen2' aTy oHne solvents known in the prior art to be useful in the preparation of such polymers 
may be Zd Stable solvents, then, include for example cycloaliphatic hydrocarbons such as cyclopen- 
S ctdoSxane. cycloheptane and the like, as wel. as. alkyl-substituted derivatives thereof; aroma*. and 
45 SsXtiMed aromatic hydrocarbons such as benzene, naphthalene, toluene xylene and the l.ke 
Sien^ Imatic hydrocarbons such as tetralin. decalin and the like; linear and cychc ethers such as 
methyl ehter. methyl ethyl ether, tetrahydrofuran and the like. 

As described in U.S. Patent No. 4.096.203. usually the styrene is contacted with the nibator. Next the 
living TpoTym^ soiution «s contacted with isoprene. The resuiting .iving polymer has a simplified structure 

60 ^XZ^JZXZl^ - ployed. Any polygonal coup^gent 
whic^ntains three reactive sites can be employed. Bcamples of ^^J?^^^ 
i^fid include those which have been described in U.S. Patent Nos. 3,595.941. 3.468.972. 3, *.nB, 
^S^WMtt Wtan the coupling agent has three reactive sites, such as trisnonylphenyl- 

S5 S (tITpP) the polymer will have a branched structure, such as (SI)JS. For the preparation of the 
block copoSmers are predominantly branched, a coupling agent wrth three reactive srtes must be 
^S^SSiO agente which can be used indude trisnonylphenylphosphite (TNPP). tnmethoxy 
phosphite and triethoxy phosphite, of which TNPP being the most preferred. 
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In the prior art, such as that exemplified by U.S. Patent Nos. 3,595,941 and 3,468 972. the effort was 
always made to select the particular coupling agent or reaction conditions that resulted in the highest 
coupling efficiency. High coupling efficiency is desired herein in order to produce strong I adhesive 
compositions. Coupling efficiency is defined as the number of molecules of coupled polymer divtded by the 
number of molecules of coupled polymer plus the number of molecules of uncoupled polymer. 

Thus, when producing an SIS branched polymer according to the present invention, the coupling 
efficiency is shown by the following relationship: 

f of Molecules of SIS 



io # of molecules of SIS plus SI 

Coupling efficiency can be determined theoretically from the stoichiometric quantity of coupling agent 
required for complete coupling or coupling efficiency can be determined by an analytical method such as 

« gel permeation chromatography, as was known from e.g. U.S. Patent No. 4.096.203. teach.ng that the 
coupling efficiency could be controlled from 20% to 80%. preferably 30% to 70%. 

It is also within the scope of the present invention to prepare the desired copolymers having the desired 
SAFT-value by blending polymers from processes of differing coupling efficiency. It was found that, if the 
coupling efficiency of the block copolymers is too low. i.e.. less than 60%. the SAFT may fall below 71 C. 

so This coupling efficiency Is controlled by a number of methods as disclosed in U.S. patent No. 

4.096.203. columns 3 and 4. 

Following the coupling reaction or when the desired coupling efficiency has been obtained, the product 
is neutralized such as by the addition of terminators. e.g. water, alcohol or other reagents, for the purpose 
of removing the lithium radical forming the nucleus for the condensed polymer product. The product is then 

25 recovered such as by coagulation utilizing hot water or steam or both. 

As discussed above, for certain new applications in the diaper industry, it has been determined that an 
adhesive formulation must exhibit good adhesion and have a melt viscosity of less than 3100 cps at 177 C 
and a shear adhesion failure temperature (SAFT) of greater than 71 C. The present Invention provides a 
composition and an adhesive which satisfies these requirements. The composition is a predominant y 

ao branched SIS block copolymer composition which is comprised of linear polymeric blocks. In order to 
achieve the standards set forth above, the compositions and adhesives of the present invention must have 
the following characteristics: 

(1) a polystyrene block molecular weight (PS Mw) of greater than 12.000; 

(2) a polystyrene content (PSC) of 35% or less; and , .. „ . u -u 
35 (3) an overall molecular weight (M s ■ styrene equivalent molecular weight) and coupling efficiency which 

fall to the left of line A-A in Figure 1. u ^ 

It has been determined that if the above compositions do not have the above characteristics, then the 
adhesion, melt viscosity and SAFT criterion cannot be met. However, if the composition does have the 
above characteristics, then the adhesion, melt viscosity and SAFT criterion are satisfied. 
40 Figure 1 is a plot of coupling efficiency versus overall molecular weight based on data from the 
examples. The line A-A represents a contour line of constant melt viscosity of 3100 cps. If a point is to the 
right of this line, the meit viscosity will be too high. The shaded area to the left of the line represents the 
area of operability. . 

If the polystyrene content is greater than 35%. the adhesion of the adhesives made from the 
« composition is poor. Generally, for high SAFT. large styrene blocks are necessary, thus necessitating at 
least 12.000 PS MW to achieve an SAFT of 71 *C or greater. If the PS MW is greater than 14.000. an 
SAFT of 75 ■ C or more can be achieved which will allow the adhesive to exhibit higher creep resistance. 

A relatively narrow range of operable compositions is defined herein since the charactenstics are 
interrelated. Thus, the PS must be greater than 12.000 for a desired SAFT but cannot be too high because 
so then either the PSC or the overall molecular weight will be too high. The PSC cannot be too low or the PS 

MW will be too low. . ™ M „n 

The concentration of the initiator can be regulated to control the molecular weight of the overaH 
composition and of the polystyrene blocks. Generally, the initiator concentration is in the range of 0 25 to 50 
millimoles per 100 grams of monomer. The required initiator level frequently depends upon the solubility of 
65 the initiator in the hydrocarbon diluent. The ratio of the initiator to the monomer determines the block size, 
i e the higher the ratio of initiator to monomer the smaller the molecular weight of the block. 

Methods of controlling the molecular weights of the blocks and the overall polymer are quite well 
known For instance, such are disclosed in U.S. Patent 3.149,182, which states that the amount of monomer 



4 



EP 0 451 920 A2 



can be kept constant and different molecular weights can be achieved by changing the amount of initiator or 
ZloZ o1 initiator can be kept constant and different molecuiar weights can be ach,eved by varymg the 
amount of the monomer, and in U.S. 3,231 ,635 and many others. 

A typicJ ^copolymer composition within the scope of the present invention 
s efficiency of 90%, a polystyrene block molecular weight of 1 5,000, a polystyrene content of 30% and an 
oSmo^cula^ -weight OM83.000. was prepared by polymerizing styrene with sec,butyll.th.um as mltiator 
a? a rnonorn^ toTnLor molar ratio of 144 to 1 and then completing the polymerization polymery 
t^sTamo^er to initiator molar ratio of 283 to 1 and then completing the ^^^^ 
coupSng the living polymer obtained by means of TNPP in an amount of 0.8% by we,ght based on the 

10 W6i f is°ne^To add an adhesion promoting or tackrfying resin that is compete with the , eiastomerlc 
conjugated dieneblock. A common tackrfying resin is a diene-olefin copolymer o piperytene^d 2-methyl- 
SnThaving a softening point of 95 *C. This resin is available commercially under the tradename 
vCck TL is prepU by the cationic poiymerization ^UZToZ 
is cvclopentadiene, 15% 2-methyl-2-butene and 10% dimer. as taught .n U.S. Patent No. 3,577.398. Other 
of the same general type may be employed in which the resinous copolymer compnses 
weigh? percent of pipe^iene and 80-20 weight percent of 2-methy.-2-butene. The resins normaHy 
hflvfi softsnina ooints (rinq and ball) between 80 C and 115 C. 

aSeraZ^Tp omoting res ns which are also useful in the compositions of this invent™ mclude 
20 tJZ£££f~** of rosins, polyterpenes. terpenephenol resins and po^merized m-BdoWJ* 
To obtain qood thermo-oxidative and color stability, it is preferred that the tack.fy.ng resm be a saturated 
Lsin e q a hydroTnated dicyclopentadiene resin such as Escorez 5000 series resin (Escorez is a trade 
Tki made K Sn or a hydrogenated polystyrene or polyalphamethylstyrene resin such as Regalrez 

25 ^T^oV^Z^^^ van-es from 20 to 400 parts by 

oarts rubber (phr). preferably between 100 to 350 phr. The selection of the particular teckrfying agent as in 
K Itlnt upon the specific block copolymer empioyed in the respective .adhesive compo ^ 
in the manufacture of disposable articles such as diapers, sanitary naptans and bed pads, there .s the 
additional consideration of having a substantially white or clear adhesive composition. 

30 '^•S^pSlta. of the instant invention may contain plasticizers. ^^^^ h ^ g d 
olasticizers or compounding oils or liquid resins. Rubber compounding oils are well4cnown in the art and 
mS^ vS^^coM oHs and high aromatics content oils. Preferred plasticizers are highly 
IrL l eg Mo 605 6 oil (Tufflo is a trade mark) made by Arco. The amounts of rubber 
^^olTlpby^ in the invention composition can vary from 0 to 100 phr. and preferabiy between 

35 ° 10 Optional components of the present Invention are stabilizers which inhibit or retard "eat degradation 
oxidS skin formation and colour formation. Stabilizers are typically added to the commercially available 
compounds in order to protect the polymers against heat degradation and oxidation during the preparation, 
ii^ft and hiah temperature storage of the adhesive composition. 

«o ^SSJ^SSS^ known in the art may also be incorporated into the adhesive 

mav rl r r nrotection durinq the life of the disposable article against, for example, oxygen, ozone and ultra- 
^^S^SH2 Sdlnal stLzers should be compatib.e with the essentia. stabHizers 
mentioned herein-above and their intended function as taught herein. iMfiinm(1Bk 
The adhesive compositions of the present invention are typically prepared by blendmg the components 

so tissue no^wovens or otter polyethylene or polypropylene substrates using techniques involving multiple 
%Z^^*mJL of the adhesives according to conventional "multi-line" or 
Suctions Although the procedures used to manufacture these disposable constructions vary dependmg 
upTtit £ta£ -manufacturer, the adhesive is generally extruded in lines (or dots) at regularly spaced 
intervals alono the length of the article. The adhesive may be applied at temperatures as low as 121 C. An 

55 S^T2Z^Se adhesive of the present invention is that it can be effectively applied by 
The Adhesive is usually applied to the polyethylene or polypropylene backing ^ubs^uent y 
Z ^combination is mated with an absorbent inner core and tissue or non-woven liner. Another Important 
rtZage*** impositions of the present invention is that they give much higher strength than similarly 
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15 



made linear polymers which also meet the industry standards. Th.s « shown in the example .in Table 2 

in the foHowing examples, the coupling efficiency was determined by the method descnbed above The 
mel vi^X was measured in centipoislseconds (cps) by using a Brookfield Thermocell geometer at 
m -TrtaaSr was measured by 1 x 1" Mylar to Mylar lap Joint with a 1 kg weight. SAFT measures 
the temperature at which the lap shear assembly fails under load. The molecular weights ^eterm.ned 
by gel permeation chromatography as styrene equivalent molecular weight The polystyrene content was 

SIS block copolymers comprised of ..near poiyrneric blocks were 
made and analyzed (samples 1-10). For comparative purposes, one commercially available product which is 
currently being touted for use in low temperature low viscosity applications was also analyzed This * 
also thought to be a branched SIS block copolymer comprised of linear polymeric blocks but it can be seen 
that it does not meet the specifications of the present invention. 

The block copolymer compositions were made according to the procedure discussed above. The 
coupling agent was TNPP. They were used to make adhesives by blending 25% polymer with 60 /» 
tackifying resin (Escorez 5300) and 15% plasticizer (Tufflo 6056). The formulations were stabilized with 1 
phr of Irganox 1010 (Irganox is a trade mark). 
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Samoles 1 3 and 8-10 are all acceptable since they meet all of the criteria stated above Samp es 2 4 
and 5 7e * unacSptable since their melt viscosity is too high - see that they ail appear to the right of I ne 
A S h^TSK 6 and 7 are unacceptable because their PSC is more than 35% and flw *e 
iSZ^V^^ competitive material fails because its SAFT is much too low as a result of the 
oolvstvrene block molecular weight being below 12,000. . Inaar cicwnrk 

TabTe 2 compares the tensile properties of Samples 8, 9 and 10 with a similarly made linear SIS block 
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copolymer Stress at 100% is the stress in bar at 100% strain. Tensile strength is the ultmate strength at 
break in bar. E B is the elongation % at break. All test results were performed on an Instron tester. It can be 
seen that the tensile strength of the branched polymers is considerably greater than the tensile strength of 

the linear polymer. 

Table 2: Tensile Properties 
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C.E. PSC Stress Tensile 
Sample (%) (%) @ 100* Strength EB (%) 
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Branched 
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Claims 

1. A predominantly branched styrene-isoprene-styrene block copolymer composition comprised of linear 
polymeric blocks for use in low viscosity low application temperature hot melt adhesives, said block 
copolymer composition characterized in that 

(a) the polystyrene block molecular weight is greater than 1 2,000; 

b the polystyrene content range is 35% or less by weight of the block copolymer composition; and 
(c) the molecular weight of the block copolymer composition and the coupling efficiency fall to the 
left of A-Ain Figure 1. 

2. A hot melt adhesive comprising the block copolymer composition of claim 1 and a tackifying resin. 

3. The composition of claim 1 wherein the polystyrene block molecular weight is greater than 14,000. 

4. A hot melt adhesive comprising the block copolymer composition of claim 3 and a tackifying resin. 
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